We aimed to explore lung cancer prevalence in interstitial lung disease (ILD) patients with or without connective tissue disorder (CTD) and idiopathic pulmonary fibrosis (IPF) in comparison with chronic obstructive pulmonary disorder (COPD).
Introduction
Liebow classified idiopathic interstitial pneumonias (IIPs) into clinically and histologically distinct groups. [1] The International Classification of Disease (ICD)-9 provides no specific code for interstitial lung fibrosis other than idiopathic interstitial fibrosis, and the ICD-10 specifies interstitial lung diseases (ILD) with fibrosis as J84.1. Until the 1990 s, idiopathic pulmonary fibrosis (IPF) included a heterogeneous group of different ILDs. Recently, a more accurate ILD definition was provided by the 2011 ATS/ ERS/JRS/ALAT statement of IPF diagnosis, [2] but diagnosis of IIPs except for IPF still required lung biopsy. [2] [3] [4] Both code J84.1 (interstitial pulmonary diseases with fibrosis) and J84.9 (interstitial pulmonary disease, unspecified) were regarded as appropriate codes for IPF. [5] In contrast, based on Medicare claim data, 20% of cases of ICD-9 code 516.3 (idiopathic fibrosing alveolitis) were regarded as IPF. [6] Most of the coding for J84 is based on chest radiography or chest computerized tomography (CT) scan findings. When the 2011 ATS/ERS/JRS/ALAT statement applied for ICD-10 code J84, only 3.5% of the patients were classified as having IPF from all ILDs. [7] Unclassified ILDs have much higher prevalence than well-defined IPF. However, there was no clear clinical insight into this disease category of ILD with or without fibrosis.
Protein kinases known to play important roles in many aspects in malignant tumors such as vascular endothelial growth factor, platelet derived growth factor, and fibroblast growth factor receptors have recently been implicated in the continued proliferation of lung fibroblasts. [8] Current evidence suggests that IPF fibroblasts can exhibit an invasive phenotype, [9] thus invading the extracellular matrix, including the alveolar basement membrane as a similar way to metastatic tumor cells. Furthermore, repetitive inflammation can lead to multiple genetic alterations affecting cellular growth, differentiation, and survival. This can include the mutation of tumor suppressor genes (p53), the activation of oncogenes, and the transformation of apoptotic genes. [10, 11] Fibrosis may maintain continuous stimulation of lung cells regardless of its morphology defined by CT scan. We therefore hypothesized that ILD, which reflects pulmonary fibrosis, may be associated with lung cancer.
Limited epidemiologic data are available on the occurrence of lung cancer in patients with ILD and IPF after the introduction of the 2011 ATS/ERS/JRS/ALAT statements. These statements may help to separate ILD from IPF. We aimed to explore lung cancer prevalence in ILD patients with or without CTD and IPF in comparison with chronic obstructive pulmonary disorder (COPD).
Methods

Subjects and study design
This is a cross sectional, population-based study data collected from the Korean Health Insurance Review and Assessment Service (HIRA) national database. We evaluated the prevalence of lung cancer associated with ILD and IPF utilizing HIRA data from January to December 2011. The database (HIRA-NPS-2011-0001) was based on stratified random sampling of outpatients from the whole population. There were 1,375,842 sample cases, and 670,258 of these (age ≥40 years) were evaluated. Patients with ILDs, IPF, CTD, or COPD were identified based on the ICD-10 diagnostic codes. This study was approved by the institutional review board at Dongsan Hospital, Keimyung University School of Medicine. Consent was not obtained since patient information was anonymized.
Case identification
Cases were included in the study based upon diagnostic and treatment evidence of ILDs and IPF. All cases were included when both diagnostic and procedure codes were identified simultaneously. These processes were performed automatically using a computer-based program. The ICD-10 is used as a reference in the medical diagnosis of diseases and within the health insurance system. We used the J84 ICD-10 code for other interstitial pulmonary diseases, excluding drug-induced ILDs, interstitial emphysema, connective tissue disorder (CTD), and lung diseases caused by external agents. The J84.1 ICD-10 code was used for interstitial pulmonary diseases with fibrosis, excluding chronic pulmonary fibrosis due to inhalation of chemicals, gases, fumes, or vapors and following radiation. If cases had both J84.9 and J84.1 codes, we regarded them as fitting under J84.1; if they had both J84.9 and J84.1 codes, we regarded them as fitting under J84.1. Code J84.1A (based on the 2011 international statement) [2] was specifically designed and implemented for IPF, [7] whereas C34 (ICD 10 code) was used for malignant neoplasm of bronchus and lung and J44 (ICD 10 code) for obstructive pulmonary disease. We have already classified the IPF as a specific diagnostic code (J84.1A) different from the ILD since 2009, in much the same way as the new diagnostic criteria introduced in 2011. [2] We excluded ILDs in COPD cases. Codes for identification of systemic CTD were as following; M05 for rheumatoid arthritis, M07 for psoriatic and enteropathic arthropathies, M30 for polyarteritis, M31 for other necrotizing vasculopathies, M32 for systemic lupus erythematosus, M33 for dermatopolymyositis, M34 for systemic sclerosis, M35 for other systemic involvement of connective tissue, and M45 for ankylosing spondylitis. CTD-ILD defines as any of systemic CTD with J84 codes.
Patients with COPD as control subjects
We chose COPD patients as a control group to lessen confounding bias of smoking between ILD and lung cancer because they smoke as much as ILD patients. [12] 
Statistical analysis
We counted the patients diagnosed with ILD, IPF, CTD-ILD, or COPD in 2011 and calculated the prevalence rate (per 100,000). Ninety-five percent confidence intervals (CIs) were calculated using the normal approximation to the binomial distribution. The prevalence of lung cancer in ILD, IPF, and ILD-CTD patients was compared with that of COPD patients by two sample Ztest.
[13] P < .05 were considered to be statistically significant.
Results
Patients with ILDs, COPD, and controls
A total of 66% of patients with ILD and 56.3% COPD controls were men. The median ages of the patients with ILD and those of the COPD controls were 68 and 69 years, respectively. Approximately 2.9% of patients with ILD and 2.1% of COPD controls had diagnoses of active tuberculosis during 2011. In addition, 2.8% of patients with ILD and 2.3% of COPD controls had previous history of thromboembolism (Table 1) . Table 1 Demographic and clinical characteristics of patients with interstitial lung disease, COPD, and sample population.
Characteristic Sample population (n = 670,258), n (%) ILD (n = 859), n (%) COPD (n = 15,949), n (%) 
Lung cancer prevalence in the groups
In the random samples from the NHI database during 2011, there were 670,258 cases aged ≥40 years from a total of 1,375,842. ILD, IPF, CTD-ILD, and COPD cases made up 0.12%, 0.01%, 0.01%, 2.37% of the sample population, respectively ( Table 2) . Lung cancer was detected in 2,821 (0.42%) cases among those aged ≥40 years in the sample population. Lung cancer prevalence was 420.9 per 100,000 individuals. The number of cases was highest in the 70 years age group, but the highest prevalence rate was in those aged ≥80 years (Table 2 ). In the sample population, the prevalence of lung cancer was higher in men than women in all age groups. The difference in the prevalence of lung cancer among men and women also increased with age.
Of 859 ILD patients, 63 cases had lung cancer (7.3%). The number of cases and prevalence were highest in the 60 years age group (Table 3) . In ILD patients, the prevalence of lung cancer was higher in men than women in all age groups.
IPF was found in 108 cases in this study population, among which 8 cases (7.4%) involved lung cancer. The number of cases was highest in the 60 years age group, but the highest prevalence rate was found in the 50 years. In this study population, no lung cancer was found in cases of women with IPF.
ILD with CTD was found in 110 cases, among which 8 cases (7.2%) involved lung cancer. In this study population, 6 lung cancer patients were women, and 2 were men. Women with CTD-ILD had a higher prevalence of lung cancer than men.
COPD was found in 15,949 cases, among which 753 cases (4.7%) involved lung cancer (Table 3) . In COPD patients, the prevalence of lung cancer was higher in men than women in all age groups.
Lung cancer prevalence among the groups
Lung cancer prevalence in those with ILD was significantly higher than in those with COPD (P < .01) ( Table 4 ). The prevalence of lung cancer was significantly higher in women with ILD (P < .01) and CTD-ILD (P < .01) compared with COPD. However, no significant difference was found in men (Table 4) . Table 3 Prevalence of lung cancer according to age group and sex in patients with ILD, IPF, CTD-ILD, and COPD. Age and gender distribution of the study population and age-and gender-specific lung cancer prevalence in the sample population in Korea. Jung et al. Medicine (2018) 
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Man-to-woman lung cancer prevalence ratio among the groups
The man-to-woman ratio of lung cancer prevalence in the whole population was 2.1. The ratio for interstitial lung disease and ILD with connective tissue disorder was lower than for the whole population, while it was higher for COPD (Fig. 1) . In the IPF group, all of the lung cancer cases were in men.
Discussion
This is a population-based study, which provides new data supporting the association of ILD and IPF with lung cancer. The prevalence rates of lung cancer in patients with ILD, IPF, CTD-ILD were 7334, 7407, and 7272 per 100,000 individuals, respectively, whereas those in patients with COPD and the whole population were 4721 and 420, respectively. The prevalence rate of lung cancer in those with IPF ranged from 4.8% to 48%. [14] [15] [16] [17] This wide range of lung cancer prevalence in IPF might be due to differing diagnostic criteria and study design. Recent studies demonstrated that IPF is a significant risk factor for lung cancer. [16] [17] [18] The present study also showed prevalence rate for lung cancer in those with IPF to be 17.5 folds higher compared with sample population. Not only IPF but also ILD showed higher prevalence rate for lung cancer to be 17.4 folds. This was unexpectedly high for lung cancer in those with ILD. We suspect that diseases affecting the lung interstitium without a specific cause would be similar diseases and have similar characteristics. We also suspect that diseases affecting the lung interstitium without a specific cause would have similar disease characteristics as suggested by genetic study. [19] In 2012, Korean national statistics showed the lung cancer prevalence in the whole population to be 106/100,000 individuals. [20] If we confine this to those older than 40 years old, lung cancer prevalence reaches 223 per 100,000 individuals. National cancer statistics used the denominator as a whole population. However, this HIRA data was based on people who visited a clinic at least once in the 2011 calendar year. This may lead to overestimation of lung cancer prevalence in HIRA data or underestimation of lung cancer prevalence in the national cancer statistics. Although there will be discrepancy between this sample population data and national data, comparison of lung cancer prevalence among groups in the sample data would be possible.
A previous study showed that those with ILD had 7 times higher risk for developing lung cancer in comparison to general population. [16] It matched controls by smoking status, which we could not control for. This may explain why lung cancer risk was 18 times higher than in the controls. Another study demonstrated a 14-times-higher lung cancer risk in those with cryptogenic fibrosing alveolitis compared with the general population, [21] consistent with the present study. Korean national cohort data showed that 68% of those with COPD were smokers [22] ; 72% of women but only 12% of men with COPD had never smoked. [23] About 64% of IPF patients in Korea were smokers. [24] COPD and IPF in Korea had frequencies of history of smoking of 68% and 64%, respectively. In Korea, the frequency of smokers in CTD-IPF patients was 28%, [1] and in CTD-ILD patients it was 24%, with 59% of smokers in ILD patients. [25] When considering similar or lower frequency of cigarette smoking, ILD has higher lung cancer prevalence than COPD in the present study.
The risk of patients with COPD developing lung cancer is well known. [12, 26, 27] There have been comparisons of lung cancer risk between COPD and ILD or fibrosis patients, [14, 15] but the results were contradictory. However, the present population-based study showed that those with ILD had about 1.5 times-higher prevalence of lung cancer than those with COPD. This indicates that it is worth paying attention to lung cancer screening in those with ILD. We suspect that changes in the lung interstitium have higher potential to develop into lung cancer than changes in the airway.
Many studies demonstrated that lung cancer was associated with specific lung diseases such as systemic sclerosis, [28] [29] [30] dermatomyositis/polymyositis, [31] [32] [33] rheumatoid arthritis, [34] [35] [36] and systemic lupus erythematosus (SLE). [37, 38] Women were at a higher risk of developing cancer than men in those with SLE. [38, 39] The present study showed that CTD-ILD has similar lung cancer prevalence compared with ILD or IPF. The man-to-woman lung cancer ratio was 0.65 in those with CTD-ILD with lung cancer (Fig. 1 ), in line with previous studies. We suspect that the association of lung cancer with ILD is less influenced by male sex.
Our study has a couple of limitations. First, the HIRA database provided limited available patient data regarding age, sex, year, diagnostic code, and medication code. Therefore, we could not Table 4 Prevalence of lung cancer in 100,000 persons by sex in patients with COPD, ILD, IPF, and CTD-ILD.
Men
Women Total Population (n) Cases (n) Prevalence P * Population (n) Cases (n) Prevalence P * Population (n) Cases (n) Prevalence P * The prevalence of lung cancer in ILD, IPF, and ILD-CTD patients was compared with that of COPD patients by 2 sample Z-test. Figure 1 . Male-to-female lung cancer prevalence rates between the groups. COPD = chronic obstructive pulmonary Disease, CTD = connective tissue disorder, ILD = interstitial lung disease, Gray bar denotes male and black bar denotes female.
Jung et al. Medicine (2018) 
Conclusions
This epidemiologic study suggested that efforts should be made to carefully identify the presence or new development of lung cancer in patients with ILD.
